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GUEST EDITORIAL
Introduction to the special issue on intelligent control of high-performance engineering systems
The new challenges faced by high-performance and high-
precision engineering in industries include maximising en-
ergy efficiency for sustainability, ensuring high product
quality, as well as reducing the production cycle time while
minimising the production cost and manpower overheads
simultaneously. In the past decade, the technical require-
ments of engineering systems have become more stringent
to be applicable to every aspect of human society ranging
from automation, manufacturing, and military to electrical
systems. The growing number of applications in engineer-
ing systems, along with the increasing requirements and
demands for productivity, safety, system stability and re-
liability, are posing new and challenging theoretical and
technological problems for modelling and control of these
highly non-linear systems.
One of the main challenges is the provision of inno-
vative compensation methodologies to these realistic en-
gineering applications. Intelligent control methodologies
ensure that the industrial systems operate at high efficien-
cies, while undesirable effects such as excessive vibrations,
underactuation, non-minimum phase error dynamics, exter-
nal disturbances, noises, etc. are minimized. As such, novel
intelligent control topologies are imperative with the ad-
vancement of high-performance engineering systems and
corresponding technologies. Control of these complex sys-
tems is highly challenging due to the inherent non-linear be-
haviour and strong heterogeneity with the different compo-
nents. System integration and sensor fusion are also among
the major concerns.
In this special issue, seven high-quality research arti-
cles representing the latest trends in intelligent control of
high-performance engineering systems are presented. The
various relevant topics are consolidated to provide the po-
tential readers a broader perspective of this currently hot
research topic as well as a comprehensive background of
the state-of-the-art approaches to intelligent control for re-
alistic industrial applications. With the diversity of appli-
cation domains, high-performance engineering systems are
required in mechatronics, robot manipulators, segmented
mirror telescopes (SMTs), power systems, etc. in ascend-
ing order of volumetric magnitude.
High-speed motion control in mechatronic systems has
always been a challenge due to the precision required de-
spite the presence of external disturbances and measure-
ment noise. In Liu et al., an active vibration isolation
methodology is proposed for model reference adaptive con-
trol to isolate base vibrations and reject payload distur-
bances. Together with conventional proportional-integral-
derivative (PID) control, the attitude jitters are reduced
by more than 60 dB when using the proposed composite
controller on a flexible spacecraft with a six-leg Stewart
platform. On the other hand, Hong and Pang proposed a
novel peak filter design to reject narrow-band disturbances
for servo control in hard disk drives (HDDs). The pro-
posed methodology yields improved transient responses
using a phase-scheduling method in addition to varying
gain and damping ratio, as well as enlarged stability mar-
gin during both transient and steady-state periods as com-
pared to conventional peak filters. These advantages are
verified with simulations and experiments on commercial
HDDs.
Tracking of robot manipulators is often encountered
with unknown parameters and dynamic friction in the pres-
ence of disturbances and unmodelled dynamics. These
underactuated systems have more degrees of freedom
than the number of inputs, which stiffen the solution
of the inverse kinematics. The Brockett theorem also
states that non-holonomic systems with restricted mobil-
ity cannot be stabilised to a desired posture via differen-
tiable or continuous pure state feedback, even if they are
controllable. Motivated by these factors, advanced adap-
tive and robust control methodologies are proposed for
the trajectory tracking problem in the presence of these
uncertainties.
In Jalani et al., novel robust and adaptive trajectory
following methods are proposed to control underactuated
fingers in the Bristol Elumotion Robot Hand. The PID
control, adaptive control, conventional sliding mode con-
trol (SMC), and integral SMC (ISMC) are implemented
on finger tracking and positioning controls empirically.
Despite high levels of friction and stiction, the ISMC uses
minimal control effort and achieves the best tracking and
positioning performance against modelling uncertainties
and nonlinearities. In general, the closed-loop systems
using classical adaptive laws do not converge in the
presence of time-varying parameters and periodic learning
control laws are not smooth. As such, Wang et al. proposed
an adaptive recurrent neural network control for a class
of uncertain constrained mobile manipulators with un-
known system dynamics. The proposed control strategies
C⃝ 2014 Taylor & Francis
96 Guest Editorial
guarantee that the system motion asymptotically converges
to the desired manifold while the constraint force remains
bounded. An adaptive estimator is also proposed to identify
the contact surface for better force control operating in
an unknown environment. To account for model uncer-
tainties in uncertain networked Lagrangian systems on
directed communication topologies, a distributed adaptive
control law is proposed by Zhang et al. A distributed
backstepping-based synchronisation design is used when
the relative velocity measurements are available, and the
effectiveness of the proposed methodology is verified with
the simulation results on a four two-link two-degrees-
of-freedom manipulators benchmark problem using the
proposed directed graphs communication topology.
For large-scale engineering systems, the dimension of
the entire system is too large to apply standard multi-
input-multi-output (MIMO) controller design methods. Na-
gashima and Agrawal presented a practical decoupling con-
trol design method for an adaptive optics system to control
the wavefront of the image in a large SMT; a future genera-
tion space telescope which can extend the aperture size be-
yond the limit of the current monolithic mirror telescopes.
The proposed method separates the plant into the dynamic
path and static path using modal decomposition, and the
controller design can be carried out separately for each path
using the sensitivity decoupling method. The effectiveness
of the proposed method was evaluated via extensive simula-
tion studies on a three-metre SMT. The designed controller
consisting of the MIMO controller for the dynamic path
(synthesized using H∞ loop-shaping technique), and the
single-input-single-output integral controller for the static
path achieved a bandwidth higher than 10 Hz, providing
faster convergence than other controllers in current litera-
ture. Similarly, intelligent control is applied for improved
power-system stability analysis as conventional stability as-
sessment methods are insufficient for large-scale intercon-
nected power-system operations and planning. As such, a
decision tree-based on-line preventive control strategy for
transient instability prevention of power system is proposed
by Xu et al. to provide explicit classification rules for sta-
bility controls. The distance-based feature estimation al-
gorithm called RELIEF identifies the critical generators,
and preventive control is realised by formulating the rules
and solving the standard optimal power flow model. The
proposed method is examined on the New England 39-Bus
Test System considering single and multi-contingency con-
ditions, and simulation results verified its effectiveness and
efficiency.
The guest editors hope this special issue provides po-
tential readers and fellow researchers with a comprehen-
sive background of state-of-the-art intelligent control ap-
proaches for high-performance engineering systems, and a
gateway on improving stability, robustness, and overall per-
formance to retain competitiveness in this rapidly progress-
ing field. The guest editors wish to express their sincere
gratitude to the Editor-in-Chief, Professor Peter J. Fleming,
for his invaluable support and patience. The guest editors
would also like to thank the reviewers for their time and
contribution in expertise in maintaining the high technical
standards of the special issue.
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